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(54) Semiconductor device with SOI structure and method of manufacturing the same

(57) A semiconductor device includes a conductive
semiconductor substrate laminated or bonded on a con-
ductive support substrate through a first insulating film,
a separation trench which separates a device formation
region where at least a desired element is formed, from
a region of the semiconductor substrate, a separation
trench, and a substrate contact region where the semi-
conductor substrate is not present. The semiconductor

device further includes a second insulating film which
fills the separation trench and covers a surface of the
substrate contact region, an external connection elec-
trode formed above the semiconductor substrate, and
a support substrate connecting section which passes
through the first insulating film and the second insulating
film in the substrate contact region to connect the exter-
nal connection electrode and the support substrate.
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Description

Background of the Invention

1. Field of the Invention

[0001] The present invention relates to a semiconduc-
tor device with a SOI structure and a method of manu-
facturing the same.

2. Description of the Related Art

[0002] The substrate structure of a chip of a semicon-
ductor device of the present invention is not limited in
particular. However, the present invention is applied to
a so-called SOI (Silicon On Insulator) which is the most
popular structure. The SOI structure is formed by use of
the techniques such as a SIMOX (Separation by Im-
planted Oxygen) method using ion implantation of oxy-
gen ions, and a method of bonding silicon substrates.
For example, as a chip 110 shown in Fig. 1A, the struc-
ture is formed in which an insulating film 303 and a single
crystal semiconductor layer 302 are formed in this order
on a support substrate 301 usually made of a silicon
substrate.
[0003] The semiconductor device using the substrate
having the SOI structure (hereinafter, referred to as an
SOI semiconductor device) is preferable for the appli-
cation requiring a high breakdown voltage. In the SOI
semiconductor device, a chip is typically mounted on an
island of a package by conductive adhesive, and an ex-
ternal connection electrode on the chip are individually
connected to predetermined external terminals by use
of a wire bonding method, similarly to a typical semicon-
ductor device. The island is connected to any of the ex-
ternal terminals, which is a ground terminal in many cas-
es. In this case, the support substrate can be connected
through the island to the ground.
[0004] In the SOI semiconductor device, a mounting
method or an assembling method such as a chip-on-
board method using a flip chip (hereinafter, referred to
as COB method) or a tape carrier package (hereinafter,
referred to as TCP) method is employed for a higher
density mounting method. In this case, as shown in Figs.
1A and 1B the external connection electrode (not
shown) provided on the single crystal semiconductor
layer 302 of the chip 110 and a conductive wiring 71 of
a wiring substrate 70 to be mounted or an inner lead 80
of TCP are connected to each other through a bump
201. Therefore, there is a problem that it is difficult to
apply a potential to the support substrate 301.
[0005] If the support substrate is in a floating potential,
a potential variation in the support substrate has an ad-
verse influence on an operation of an element, in par-
ticular, a threshold potential. As a result, an operation
margin of the element is reduced. Also, as disclosed in
Japanese Patent No. 2654268, Japanese Laid Open
Patent Application (JP-A-Heisei 8-153781) or Japanese

Laid Open Patent Application (JP-A-Heisei 8-236754),
the breakdown voltage of the element changes depend-
ing on the potential of the support substrate. Therefore,
if the potential of the support substrate is varied during
the operation of the semiconductor element, the break-
down voltage of the element decreases so that there is
a possibility of the occurrence of an erroneous opera-
tion.
[0006] As a method of avoiding the support substrate
from being in the floating state, for example, Japanese
Laid Open Patent Application (JP-A-Heisei 6-244239)
(hereinafter, referred to as a conventional example 1)
discloses an example of an SOI semiconductor device
in which a potential can be applied from a surface of an
element side to the support substrate. Fig. 2 is a sec-
tional view showing the semiconductor device disclosed
in the conventional example 1. With reference to Fig. 2,
a semiconductor layer 703 of the semiconductor device
disclosed in the conventional example 1 is insulated
from a semiconductor substrate 701 by an intervening
layer insulating film 702. However, conductors 710 are
provided on side walls of a concave portion 709 to ex-
tend to the semiconductor substrate 701 so that a short-
circuit is formed between the semiconductor substrate
701 and a peripheral region 703b. Thus, the same po-
tential as that of the peripheral region 703b is applied to
the semiconductor substrate 701. The potential is ap-
plied to the peripheral region 703b through a bump 707
from a wiring substrate (not shown), similarly to an ele-
ment formation region. That is, the potential is applied
to the semiconductor substrate 701 from the surface
side of the semiconductor layer 703 on which the ele-
ment is formed.
[0007] Also, Japanese Laid Open Patent Application
(JP-A-Heisei 2-54554) (hereinafter, referred to as a con-
ventional example 2) discloses a structure in which a
semiconductor device is manufactured by use of an SOI
substrate and separated into elements by an embedded
insulating film. In the conventional example 2, a conduc-
tive substrate is used as a lower layer of an insulating
film constituting the SOI structure. Fig. 3 is a sectional
view showing a main portion of the semiconductor de-
vice shown in the conventional example 2. With refer-
ence to Fig. 3, the semiconductor device disclosed in
the conventional example 2 has a structure in which an
insulating film 802 and a conductive semiconductor lay-
er 803 are bonded in this order on a conductive sub-
strate 801. An element body 804 is formed in the sem-
iconductor layer 803. An element separation trench 805
is provided to contact the insulating film 802 at its bottom
and to surround the element body 804. The element
separation trench 805 is filled with a fill material 814
made of an insulator or polysilicon. The fill material 814
contains therein a conductive fill material 851 made of
a p-type polysilicon layer reaching the insulating film 802
from the surface of the element separation trench 805.
An opening 821 is formed in the insulating film 802 to
connect the conductive fill material 851 and the conduc-
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tive substrate 801. In the semiconductor device in the
conventional example 2, the conductive substrate 801
and an electrode 807 provided on the surface of the fill
material 814 are connected by the conductive fill mate-
rial 851. Thus, the conductive substrate 801 can be used
as the conductive material. Therefore, it is possible to
reduce the crowded condition of surface wiring lines.
[0008] In the semiconductor device of the convention-
al example 1, the formation of a trench for the element
separation region and the formation of a concave trench
for a substrate contact are independently carried out as
the different processes. Therefore, it is necessary to
etch and remove the semiconductor layers 703 at the
different positions of the SOI substrate two times. As a
result, there is a problem that the manufacturing process
becomes long. Also, the structure is designed in such a
manner that the route connecting a bump electrode 707
for applying the potential to the support substrate and
the support substrate 701 must pass through a periph-
eral region 703b of the semiconductor layer. Thus, there
is another problem that the drop of the resistance in the
route is limited.
[0009] Also, in the method of manufacturing the sem-
iconductor device in the conventional example 2, a first
trench as the trench for the element separation and a
second trench having the width wider than that of the
first trench are formed at the same time. Also, the insu-
lating film 802 in the bottom of the second trench is
etched so that the opening 821 is formed to reach the
conductive substrate corresponding to the support sub-
strate 801. In this case, a multi-layer film in which a poly-
silicon film, a nitride film and an oxide film are laminated
is required so as not to etch the other regions. Also, the
conductive fill material 851 is formed to connect the
electrode 807 and the conductive substrate 801 by im-
planting impurities such as boron into an insulating poly-
silicon layer. Thus, there is a limit on the drop in the re-
sistance.
[0010] It should be noted that Japanese Laid Open
Patent Application (JP-A-Heisei 11-135794) discloses
the following semiconductor device. In this reference,
the semiconductor device has the CMOS structure in
which a pair of offset type MOS transistors of a first con-
ductive type and a second conductive type are provided.
The transistors are insulated and separated from each
other and are formed on an SOI substrate. In the SOI
substrate, first and second substrates of the first con-
ductive type are integrally joined to each other through
an embedded oxide film. The transistor of the second
conductive type is formed to have an LMOS (Lateral
MOS) structure, and the transistor of the first conductive
type is formed to have an LDMOS (Lateral Double - dif-
fused MOS) structure.
[0011] Also, Japanese Laid Open Patent Application
2000-31266 (P2000-31266A) discloses the following
semiconductor device. In this reference, the semicon-
ductor device has an opening tapered and wider in width
than a bottom on a semiconductor substrate. Insulating

material is embedded within the opening, and a trench
separation film is provided for insulating and separating
between elements. The tapered angle between the in-
ner side of the opening and the surface of the semicon-
ductor substrate is equal to or less than 88 degrees. The
insulating material is NSG grown by use of a low pres-
sure CVD method.

Summary of the Invention

[0012] Therefore, an object of the present invention is
to provide a semiconductor device with an SOI structure
such as an SOI structure, in which a support substrate
and an external connection electrode formed on the sur-
face of a chip are connected to each other through a
route of a small resistance, and a method of manufac-
turing the same.
[0013] In an aspect of the present invention, a semi-
conductor device includes a conductive semiconductor
substrate laminated on or bonded to a conductive sup-
port substrate through a first insulating film, a separation
trench which separates a device formation region where
at least a desired element is formed, from a region of
the semiconductor substrate, a separation trench, and
a substrate contact region where the semiconductor
substrate is not present. The semiconductor device fur-
ther includes a second insulating film which fills the sep-
aration trench and covers a surface of the substrate con-
tact region, an external connection electrode formed
above the semiconductor substrate, and a support sub-
strate connecting section which passes through the first
insulating film and the second insulating film in the sub-
strate contact region to connect the external connection
electrode and the support substrate.
[0014] Here, the external connection electrode may
be formed through a third insulating film on the semi-
conductor substrate. In this case, the third insulating film
may be identical to the second insulating film.
[0015] Also, the support substrate connecting section
may include a conductive film which is connected with
the external connection electrode and covers the sec-
ond insulating film, and a contact section which passes
through the first insulating film and the second insulating
film to the support substrate in the substrate contact re-
gion. In this case, the conductive film desirably contains
a metal film having aluminum as main material.
[0016] Also, the contact section may be formed of a
single contact. In this case, the single contact may in-
clude a refractory metal film formed on side wall of a
contact hole for the contact, and the conductive film fill-
ing the contact hole in which the refractory metal film is
formed.
[0017] Also, the single contact may include an addi-
tional conductive film which covers side wall of a contact
hole for the contact, a refractory metal film formed on
the additional conductive film on the side wall of the con-
tact hole, and the conductive film filling the contact hole
in which the refractory metal film is formed.
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[0018] Also, the contact section may include a plural-
ity of contact plugs arranged in an array. In this case,
the plurality of contact plugs may be formed of tungsten.
[0019] In another aspect of the present invention, a
method of manufacturing a semiconductor device is at-
tained by (a) forming at least a desired element in a de-
vice forming region of a conductive semiconductor sub-
strate on a chip in which the semiconductor substrate is
formed on a conductive support substrate through a first
insulating film; by (b) forming trenches which pass
through the semiconductor substrate to the first insulat-
ing film; by (c) forming a second insulating film on the
semiconductor substrate to fill the trenches and to cover
a side wall of a substrate contact region; by (d) forming
element contact holes for the element to pass through
said second insulating film; by (e) forming a contact hole
section in the substrate hole region to pass through the
first and second insulting films to the support substrate;
by (f) filling the element contact hole with first conductive
material; by (g) filling the contact hole section with sec-
ond conductive material; by (h) forming a conductive film
connected to the contact hole section; and by (i) forming
an external connection electrode connected to the con-
ductive film.
[0020] Here, the (d) forming step and the (e) forming
step may be carried out at a same time.
[0021] Also, when the (d) forming step includes a first
exposure step and the (e) forming step includes a sec-
ond exposure step, the first exposure step and the sec-
ond exposure step may be individually carried out. In
this case, the (d) forming step and the (e) forming step
may be carried out at a time, except for the first exposure
step and the second exposure step.
[0022] Also, the (f) filling step and the (g) filling step
may be carried out at a time.
[0023] Also, the (e) forming step may include the step
of forming a single contact hole in the substrate hole
region. In this case, the (g) filling step and the (h) forming
step may be carried out at a same time.
[0024] Also, the (e) forming step may include the step
of forming a plurality of contact holes arranged in an ar-
ray in the substrate hole region.

Brief Description of the Drawings

[0025]

Fig. 1A is a view schematically showing a COB
mounting state of a conventional SOI semiconduc-
tor device;
Fig. 1B is a view schematically showing a TCP as-
sembling condition of a conventional SOI semicon-
ductor device;
Fig. 2 is a sectional view showing a conventional
example of an SOI semiconductor device in which
a potential can be applied from a surface of an ele-
ment to a support substrate;
Fig. 3 is a sectional view showing a main portion of

a conventional example 2 of a semiconductor de-
vice;
Fig. 4 is a sectional view explaining a structural ex-
ample of a chip of a semiconductor device accord-
ing to a first embodiment of the present invention;
Fig. 5 is a plan view schematically showing the chip
of the semiconductor device of the present inven-
tion;
Fig. 6 is a sectional view schematically showing an-
other structural example of the chip of the semicon-
ductor device in the first embodiment along the A-A'
line of Fig. 5;
Figs. 7A and 7B are sectional views schematically
showing modifications of the chip of the semicon-
ductor device in the first embodiment along the A-A'
section of Fig. 5;
Fig. 8 is a schematic flowchart showing a manufac-
turing method of a semiconductor device according
to the first embodiment of the present invention;
Fig. 9 is a detailed flowchart of a contact step of Fig.
8;
Figs. 10A to 10E, Figs. 11A to 11E and Figs. 12A to
12D are sectional views schematically showing the
semiconductor device in the manufacturing method
according to the first embodiment of the present in-
vention, in a main portion along the A-B line of Fig.
5;
Fig. 13 is a plan view schematically showing a wa-
fer;
Fig. 14 is a schematic flowchart showing a modifi-
cation of the method of manufacturing a semicon-
ductor device in the first embodiment for a multiple-
layer wiring structure;
Fig. 15 is a detailed flowchart of a multiple-wiring
structure forming step in Fig. 14;
Figs. 16A to 16D are sectional views showing the
method of manufacturing a semiconductor device
according to a second embodiment of the present
invention along the A-B portion of Fig. 5;
Fig. 17 is a schematic flowchart showing a manu-
facturing process of a single-layer wiring structure
in the method of manufacturing a semiconductor
device according to a second embodiment of the
present invention;
Figs. 18A and 18B are sectional views schematical-
ly showing a main portion of the semiconductor de-
vice according to the second embodiment of the
present invention along the A-B line of Fig. 5 in the
contact step;
Fig. 19 is a detailed flowchart of the contact step in
the method of manufacturing a semiconductor de-
vice according to a third embodiment of the present
invention;
Fig. 20 is a sectional view schematically showing a
main portion of the semiconductor device in the
third embodiment along the A-B portion of Fig. 5;
Fig. 21 is a flowchart showing a method of manu-
facturing a semiconductor device according to a
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fourth embodiment of the present invention; and
Figs. 22A to 22D, Figs. 23A to 23C, and Figs. 24A
to 24D are sectional views showing the semicon-
ductor device in the manufacturing method accord-
ing to the fourth embodiment of the present inven-
tion.

Description of the Preferred Embodiments

[0026] Hereinafter, a semiconductor device of the
present invention will be described below in detail with
reference to the attached drawings.
[0027] Fig. 4 is a cross sectional view showing a chip
110 of a semiconductor device according to the first em-
bodiment of the present invention. Fig. 5 is a plan view
schematically showing a chip 110, and Fig. 4 shows a
cross section along the A-A' line in Fig. 5. With reference
to Fig. 4, in the chip 110 in the first embodiment, a silicon
oxide (SiO2) film 3 and a P-type silicon (Si) substrate 2
are laminated or bonded in this order on one main sur-
face of a P-type silicon (Si) substrate 1. The silicon oxide
film 3 has the film thickness of about 1 µm as a first in-
sulating film. The silicon substrate has the resistivity of
10 Ω cm and the thickness of 5 µm as a support sub-
strate. The silicon substrate 1 has the resistivity of 10
Ωcm and the thickness of 650 µm.
[0028] The chip 110 is composed of a plurality of ele-
ment formation regions 50 which are insulated and sep-
arated by separation trenches or grooves 9 in the silicon
substrate 2, and substrate contact regions 10. Each of
the substrate contact regions 10 has the shape of
10310 µ m and is formed in a proper empty region on
the chip 110 by removing the second silicon substrate
2. The chip 110 is further composed of a plurality of ex-
ternal connection electrodes 200 and 200G.
[0029] A substrate contact hole 13 as a first contact
hole is provided for the substrate contact region 10 to
pass through an insulating film 11 formed by use of TE-
OS (tetra-ethoxy-silane (Si(OC2H5)4) gas and the sili-
con oxide film 3 to the silicon substrate 1. The substrate
contact hole 13 is filled with metal, such as tungsten (W)
15c as a refractory metal, and is connected through a
metal film wiring as a support substrate connecting wir-
ing formed of aluminum (Al) wiring 16G to a predeter-
mined external connection electrode 200G. The refrac-
tory metal functions a barrier metal.
[0030] In this embodiment, the substrate contact hole
13 has a multi-contact structure in which a plurality of
minimum dimensional contact holes used in the chip 110
are arrayed. Usually, a minimum dimensional contact
hole is used in the element formation region 50. In the
external connection electrodes 200 and 200G, a protec-
tive oxide film 17 and a protective nitride film 19 for cov-
ering the Al wirings 16 and 16G are removed and
opened so that the Al is exposed. Then, for example, a
gold (Au) bump 201 is formed thereon through an ad-
hesive metal film 203 such as titanium (Ti) film.
[0031] Also, desirable elements to attain the function

of the semiconductor device are formed on the surface
side of each element formation regions 50, i.e., on the
side opposite to the junction with the silicon oxide film
3. As an example, Fig. 4 shows a source diffusion layer
43, a drain diffusion layer 44, a gate electrode 41, a gate
oxide film 41a and a side wall oxide film 42 in an electric
field transistor (MOSFET). It should be noted that the
element formed in the element formation region 50 is
not any essential element in the present invention, and
it is not limited. Therefore, in the following drawings, the
reference symbols of the elements are suitably omitted
in order to avoid the complex explanation and easily de-
scribe it.
[0032] In the semiconductor device in the first embod-
iment, the chip 110 has the above-mentioned structure.
As shown in Figs. 1A and 1B), a bump 201 is directly
connected onto a wiring 71 formed on a mount wiring
substrate 70 in case of the COB mounting method, and
a bump 201 is directly connected to an inner lead 80 in
case of the TCP assembly. However, even if the silicon
substrate 1 serving as a support substrate 301 is not
connected directly to a potential supply conductor such
as an island, a predetermined potential can be applied
from an external portion through the external connection
electrode 200G and the bump 201 provided on the sur-
face of the silicon substrate 2 as a single crystal semi-
conductor layer.
[0033] Moreover, the route from the bump 201 on the
surface of the chip 110 to the silicon substrate 1 is per-
fectly made of metal film, including the fill material of the
contact hole 13. Also, predetermined impurity of a high
density is implanted into a contact portion 14 of the sil-
icon substrate 1 to reduce a contact resistance. At this
time, for example, the density of boron (B) is about 1014

to 1015 atms cm-2 in the case of the P-type substrate.
Thus, the entire resistance of the route to apply the po-
tential to the silicon substrate 1 as the support substrate
can be sufficiently small to thereby stabilize the potential
of the support substrate.
[0034] It should be noted that the first embodiment is
described using the example in which the contact hole
13 connected to the silicon substrate 1 has the multi-
contact structure. However, as shown in Fig. 6, the con-
tact hole 13 may be formed as a single contact hole 131
having a sufficient dimension. In this case, tungsten (W)
15 fills the minute contact hole and only a tungsten film
15k remains on the side wall of the contact hole 131.
However, an Al film as the wiring metal film is sufficiently
deposited within the contact hole 131. Since the tung-
sten film 15k remains, the connection can be estab-
lished without any problem of the disconnection in the
step portion of the contact hole 131.
[0035] As shown in Figs. 7A and 7B, a barrier metal
film 56 of titanium nitride (TiN) may be laid as a lower
layer of the Al wiring 16 to have a predetermined thick-
ness. Moreover, a protective film 66 of TiN, polysilicon
and the like may be further formed as an upper layer.
[0036] The method of manufacturing the semiconduc-
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tor device according to the present invention will be de-
scribed below, especially with the above-mentioned
chip manufacturing method as a target.
[0037] Fig. 8 is a flow chart showing the chip manu-
facturing method in the first embodiment in case of a
one-layer wiring structure. Fig. 9 is a detailed flowchart
of a contact step of Fig. 8. And, Figs. 10A to 10E, Figs.
11A to 11E and Figs. 12A to 12D are sectional views
schematically showing the main portion of the semicon-
ductor device along the A-B line of Fig. 2. It should be
noted that when the chips 110 is. manufactured, the
technique is well known in which the chips are formed
in a form of matrix on a wafer 100, as schematically
shown in Fig. 13. Therefore, the sectional view for each
step will be described with reference to Figs. 4 to 9 and
13, as necessary.
[0038] With reference to Figs. 8 and 9, the manufac-
turing method in the first embodiment at least includes
an element forming step S1, a mask layer forming step
S2, a trench region opening step S3, a trench forming
step S4, a trench filling step S5, a flattening step S6, a
contact step S7, a plug forming step S8, a wiring film
depositing step S9, a wiring forming step S10, a protec-
tive film forming step S11 and an external connection
electrode opening step S12. Also, the contact step S7
is composed of a first opening step S40 and a second
opening step S50. The first opening step S40 is com-
posed of a photo resist coating step (hereinafter, re-
ferred to as PR step) S21, a first exposing step S22, a
first developing step S23, a first contact hole opening
step S24 and a PR removing step S25. The second
opening step S50 is composed of a PR coating step
S26, a second exposing step S27, a second developing
step S28, a second contact hole opening step S29 and
a PR removing step S30. The respective steps will be
described below in detail.
[0039] At first, as shown in Fig. 10A, at the element
forming step S1, a silicon oxide film 3 and the P-type
silicon substrate 2 are laminated or bonded in this order
on one main surface of a P-type silicon substrate 1. The
silicon oxide film 3 has the film thickness of about 1 µm
as the first insulating film and the P-type silicon sub-
strate 2 has the resistivity of 10 Ω cm and the thickness
of 5 µm. The P-type silicon substrate 1 has the resistivity
of 10 Ω cm and the thickness of 650 µm. A field insulat-
ing film 4 and desirable elements are formed on the sur-
face of the wafer 100 having a diameter of 6 inches on
the side opposite to the junction plane with the silicon
oxide film 3 of the silicon substrate 2 by use of a known
method. Here, only MOSFET 40 is illustrated as an ex-
ample of the element.
[0040] As shown in Fig. 10B, at the mask layer form-
ing step S2, an silicon oxide film 5 as a second insulating
film is deposited to have the thickness of about 0.5 µm
on the entire surface of the wafer 100 by use of a chem-
ical vapor deposition (hereinafter, referred to as CVD)
method.
[0041] Next, as shown in Fig. 10C, at the trench region

opening step S3, a photo-resist 601 is coated on the en-
tire surface of the wafer 100. Then, exposure and de-
velopment are carried out using a predetermined reticle
(not shown). As a result, a pattern for a separation
trench formation opening 7 is formed to have a width h
(desirably, 1 µm%h%2µm). Also, a pattern for a sub-
strate contact region formation opening 8 is formed.
Thus, an element formation region is separated. More-
over, the silicon oxide films 5 of the openings 7 and 8
and the field oxide film 4 are removed by use of the
known etching technique. Thus, the silicon substrate 2
is exposed.
[0042] As shown in Fig. 10D, at the trench forming
step S4 after the removal of the photo-resist 601, the
silicon oxide film 5 is used as an etching mask, and the
exposed portion of the silicon substrate 2 is removed by
an anisotropic etching technique. Accordingly, the sili-
con oxide film 3 is exposed to thereby form the separa-
tion trench 9 and the substrate contact region 10. At this
time, slight inclination is given to the side walls of the
substrate contact region 10 and separation trench 9 so
that the upper end of the opening on the surface side is
larger in diameter than the bottom where the silicon ox-
ide film 3 is exposed.
[0043] Next, as shown in Fig. 10E, at the trench filling
step S5, the TEOS oxide film 11 is deposited on the en-
tire surface of the wafer 100 by a low pressure CVD
(LPCVD) method using TEOS gas and is formed as the
insulating material to fill the separation trench 9.
[0044] Next, as shown in Fig. 11A, at the flattening
step S6, the TEOS oxide film 11 is etched back to be
removed from the entire surface. Thus, a step 31 ap-
pearing in the element formation region 50 is eliminated.
[0045] Next, as shown in Fig. 11B, the contact step
S7 is carried out. At first, at the photo-resist coating step
S21 in the first opening step S40, a photo-resist 602 is
coated on the entire surface of the wafer 100. At the first
exposing step S22, the exposure is carried out by use
of the reticle (not shown) having the pattern for the con-
tact hole 13 as a predetermined first contact hole. At the
first developing step S23, the pattern for the contact hole
13 is developed to form the pattern of the contact hole
13 connected to the silicon substrate 1 at a predeter-
mined position of the substrate contact region 10. Then,
at the first contact hole opening step S24, the TEOS ox-
ide film 11, the silicon oxide film 5 and the silicon oxide
film 3 are etched and removed to open the contact hole
13 reaching the silicon substrate 1. After that, the photo-
resist 602 is removed.
[0046] As shown in Fig. 11C, at the photo-resist coat-
ing step S26 in the second opening step 550, a photo-
resist 603 is coated on the entire surface of the wafer
100. At the second exposing step S27, exposure is car-
ried out by use of the reticle (not shown) having the pat-
tern for a contact hole 12 as a predetermined second
contact hole. At the second developing step S28, the
pattern for the contact hole 12 is developed to form the
pattern for the contact hole 12 (12s, 12g, 12d) connect-
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ed to each element formed in the element formation re-
gion 50. Then, at the second contact hole opening step
S29, the TEOS oxide film 11 and the silicon oxide film 5
are etched and removed to open the contact hole 12.
After that, the photo-resist 603 is removed.
[0047] It should be noted that the contact holes of the
minimum dimension used in the chip 110 are formed as
a set of contact holes. Usually, the minimum size of hole
can be filled with predetermined metal at the later plug
forming step S8. For example, in a case of tungsten (W),
a size of 0.5µm30.5µm to 1.0µm31.0µm is desirable
for the contact hole. In this case, the contact hole 12 is
formed in accordance with the element as a single con-
tact structure using only one contact hole or a multi-con-
tact structure in which a plurality of contact holes are
arrayed. It should be noted that any of the first opening
process S40 and the second opening process S50 may
be firstly carried out.
[0048] Impurity of a predetermined amount is implant-
ed into each contact region 14, as necessary. For ex-
ample, if boron is implanted for a P-type diffusion region,
an implantation amount N is desired to be about 1014

atms cm-2%N%1015 atoms cm-2.
[0049] Next, as shown in Fig. 11D, at the plug forming
step S8, a tungsten layer is deposited on the entire sur-
face of the wafer 100 by a CVD method, and the contact
holes 12 and the contact holes 13 are filled with tung-
sten. Then, the tungsten layer is etched back from the
entire surface to thereby remove tungsten on the TEOS
oxide film 11 in the flattened portion. Thus, in the contact
holes 12 and 13, a tungsten plug 15s, a tungsten plug
15d, a tungsten plug 15g and a tungsten plug 15c re-
main as the fill metal. Also, the portions of the contact
holes 12 and 13 are flattened. It should be noted that at
the time, a tungsten film 15h also remains on the side
wall of the substrate contact region 10.
[0050] Next, as shown in Fig. 11E, at the wiring film
depositing step S9, an Al layer is deposited with a pre-
determined thickness on the entire surface of the wafer
100 as the wiring conductive material.
[0051] Next, as shown in 12A, at the wiring forming
step S10, a photo-resist 604 is coated on the entire sur-
face of the wafer 100, and a reticle (not shown) having
a predetermined wiring pattern is used to expose and
develop. The Al layer in a region other than the wiring
portion is removed by use of the known dry etching tech-
nique. Thus, the Al wiring 16G is formed as the support
substrate connection wiring through to connect the sili-
con substrate 1 and the predetermined external connec-
tion electrode 200G. Also, the Al wirings 16 serving as
desired inner connection wirings and the external con-
nection electrodes 200 and 200G are formed.
[0052] Next, as shown in Fig. 12B, at the protective
film forming step S11, the silicon oxide film for protecting
the Al wirings 16 and 16G are deposited with the thick-
ness of t1 on the entire surface of the wafer 100. In this
case, desirably, 0.3µm%t1%1µm. Also, the protective
oxide film 17 is formed. In succession, as shown in Fig.

12C, SOG (Spin On Glass) 18 is coated on it. After coat-
ed SOG is heated and hardened, the SOG film 18 is
etched back on the entire surface until the protective ox-
ide film 17 in the flattened portion is exposed. Thus, the
concave and convex state on the surface is relaxed.
Moreover, as shown in Fig. 12D, a silicon nitride film
(Si3N4 film) is deposited with the thickness of t2. In this
case, desirably, 0.1µm%t2%0.5µm. Thus, the protective
nitride film 19 is formed. It should be noted that as the
protective nitride film 19, it is possible to use a silicon
oxide nitride film (SiON film). Then, the external connec-
tion electrodes 200 and 200G are opened by use of the
known photo-lithography and etching techniques. More-
over, the bumps 201 are formed as necessary, and the
wafer process is ended.
[0053] When the chip 110 has the multi-layer wiring
structure, the process from the element forming step S1
to the wiring forming step S10 are identical to those in
the first embodiment, as shown in the schematic flow-
chart of Fig. 14. Although not shown again, after the wir-
ing forming step, a multi-layer wiring forming step S61
is carried out by use of the known method of manufac-
turing the multi-layer wiring. Then, the protective film
forming step S11 and the external connection electrode
opening step S12 are carried out. The protective insu-
lating film with a predetermined thickness is formed to
protect the top layer wiring similarly to the first embodi-
ment. Then, the external connection electrodes 200 and
200G are opened. Moreover, the bumps 201 are formed
as necessary, and the wafer process is ended.
[0054] It should be noted that as shown in Fig. 15, the
multi-layer wiring forming step S61 is carried out by re-
peating the steps including an interlayer insulating film
forming step S71, an interlayer via-hole forming step
S72, a plug forming step S73 of filling a via-hole with
metal, an upper layer wiring film depositing step S74 and
an upper layer wiring forming step S75 for the necessary
number of times, e.g., (k-1) times in a case of K layers.
[0055] After the wafer process is ended irrespectively
of the one-layer wiring structure or the multi-layer wiring
structure, the wafer 100 is cut out into the chips 110.
Then, the chip is assembled to a desirable package to
complete the semiconductor device.
[0056] As mentioned above, according to the method
of manufacturing the semiconductor device in the first
embodiment, when the separation trench 9 is formed for
separating the element formation region 50, the sub-
strate contact regions 10 are simultaneously formed.
The substrate contact region 10 is set in the proper emp-
ty region within the chip 110. Also, when the separation
trench 9 should be perfectly filled with the TEOS oxide
film 11, the TEOS oxide film 11 is deposited with the
same thickness in the flattened portion and the sub-
strate contact region 10. Thus, the substrate contact re-
gion 10 has a sufficient size so that the contact region
10 is not fully filled. Thus, only by adding the first open-
ing step, the contact hole 13 can be formed as the first
contact hole for the connection to the silicon substrate
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1 serving as the support substrate at the small resist-
ance. Therefore, the semiconductor device can be man-
ufactured which has the chip 110 in which the potential
can be applied to the support substrate from the surface
plane of the chip 110.
[0057] It should be noted that in the above-mentioned
first embodiment, the first contact hole is described by
use of the contact hole 13 having the multi-contact struc-
ture as the example. However, it may be the single con-
tact structure. It should be noted that even if the first
contact hole has the single contact structure, it is suffi-
cient that only the pattern of the reticle used in the first
opening step is changed. Also, the processed contents
at the respective steps are perfectly identical to those
of the manufacturing method of the first embodiment.
Thus, the detailed explanations are omitted. Figs. 16A
to 16D are the sectional views for the respective steps
until the wiring film depositing step S9 after the first
opening step S40 of the contact step S7 when the first
contact hole has the single contact structure, and cor-
respond to Figs. 11B to 11E. In the case, a contact hole
131 made in the first opening step S40 has a sufficiently
large dimension such as about 2µm 3 2µm to 5µm 3

5µm. Thus, even if the contact hole 12 is perfectly filled
with the tungsten at the plug forming step S8, the contact
hole 13 is not filled. The tungsten having the film thick-
ness equal to that of the tungsten deposited on the flat-
tened portion is only deposited on the bottom. There-
fore, if the etch-back operation is performed to remove
the tungsten layer in the flattened portion, the tungsten
layer in the bottom of the contact hole 131 is also re-
moved so that only the tungsten 15k remains on the side
wall (Fig. 16C). However, the tungsten 15k remaining
on the side wall effectively functions to protect the step
disconnection of the wiring 16G in the contact hole 131.
Thus, the connection is made surer.
[0058] Next, a method of manufacturing a semicon-
ductor device according to the second embodiment of
the present invention will be described below with the
above-mentioned chip manufacturing method as the
target.
[0059] The schematic flowchart of the method of man-
ufacturing the semiconductor device in the second em-
bodiment is similar to that of the first embodiment shown
in Fig. 8. However, it is different in the detailed portion
of the contact step S7. Fig. 17 shows the detailed flow-
chart of the contact step S7 included in the manufactur-
ing method of the second embodiment. With reference
to Fig. 17, the contact step S80 has a photo-resist coat-
ing step S81, a first exposing step S82, a second ex-
posing step S83, a collectively developing step S84, a
collectively opening step S85, and a photoresist remov-
ing step S86.
[0060] Figs. 18A and 18B are diagrams describing the
contact step S80 in the second embodiment, and are
the sectional views schematically showing the main por-
tion of the semiconductor device along the A-B line of
Fig. 5. It should be noted that the other steps in the sec-

ond embodiment are equal to those of the first embod-
iment, as mentioned above. Thus, the description of the
steps other than the contact step S80 is omitted.
[0061] With reference to Fig. 17 and Figs. 18A and
18B, in the contact step S7 in the second embodiment,
at the photo-resist coating step S81, the photo-resist
602 is coated on the entire surface of the wafer 100 after
the flattening step S6. At the first exposing step S82, the
reticle (not shown) having the pattern of the contact hole
13 as the predetermined first contact hole is used for
exposure. In succession, at the second exposing step
S83, the reticle (not shown) having the pattern of the
contact hole 12 as the second contact hole is used for
exposure. Then, at the collectively developing step S84,
these patterns are developed to collectively form the
patterns of the contact hole 12 and the contact hole 13.
At the collectively opening step S85, the TEOS oxide
film 11, the silicon oxide film 5 and the silicon oxide film
3 are etched and removed to thereby open the contact
holes 12 and 13, as shown in Fig. 18A. Also, in the sec-
ond embodiment, as shown in Fig. 18B, similarly to the
case of the first embodiment, it is naturally allowable to
use the first contact hole as the pattern of the contact
hole 131 having the single contact structure. Also, any
of the first exposing step S82 and the second exposing
step S83 may be firstly carried out.
[0062] According to the method of manufacturing the
semiconductor device in the second embodiment, when
the separation trench 9 is formed for separating the el-
ement formation region 50, the substrate contact region
10 is simultaneously formed in the proper empty region
within the chip 110. Also, when the separation trench 9
is perfectly filled with the TEOS oxide film 11, the TEOS
oxide film 11 has the same thickness as that of the TEOS
oxide film 11 on the flattened portion. Thus, the sub-
strate contact region 10 is formed to have a sufficient
size so as not to be filled. Thus, the first and second
exposing steps S82 and S83 are only added for expos-
ing the pattern of the contact hole 131 or the contact
hole 13 as the first contact hole for the connection to the
silicon substrate 1 as the support substrate. In this way,
the semiconductor device can be manufactured which
has the chip 110 in which the potential can be applied
to the support substrate in the small resistance from the
surface plane of the chip where the desired elements
are formed.
[0063] Next, a method of manufacturing a semicon-
ductor device according to the third embodiment of the
present invention will be also described below with the
above-mentioned chip manufacturing method as the
target.
[0064] The schematic flowchart of the method of man-
ufacturing the semiconductor device in the third embod-
iment is also similar to that of the first embodiment
shown in Fig. 8. However, it is also different in the de-
tailed portion of the contact step S7. Fig. 19 shows the
detailed flowchart of the contact step S7 included in the
manufacturing method of the third embodiment. With

13 14



EP 1 193 760 A2

9

5

10

15

20

25

30

35

40

45

50

55

reference to Fig. 19, the contact step S7 (S90) has a
photo-resist coating step S91, a collectively exposing
step S92, a collectively developing step S93, a collec-
tively opening step S94, and a photoresist removing
step S95.
[0065] Fig. 20 is a view showing the contact step S90
in the third embodiment, and is a sectional view sche-
matically showing the main portion of the semiconductor
device along the A-B line of Fig. 2. It should be noted
that the other steps in the third embodiment are equal
to those of the first embodiment, as mentioned above.
Therefore, the description of the steps other than the
contact step S90 is omitted. With reference to Fig. 19
and 20, in the contact step S90 in the third embodiment,
at the photo-resist coating step S91, the photo-resist
602 is coated on the entire surface of the wafer 100 after
the flattening step S6. At the collectively exposing step
S92, the reticle (not shown) having both the patterns for
the contact hole 131 and the contact hole 12 are used
to expose. Then, at the collectively developing step S93,
these patterns are developed to collectively form the
patterns of the contact hole 131 and the contact hole 12.
At the collectively opening step S94, the TEOS oxide
film 11, the silicon oxide film 5 and the silicon oxide film
3 are etched and removed to thereby open the contact
holes 12 and 131. In the case, there is the large step
difference between the pattern formation surface of the
contact hole 131 as the first contact hole and the pattern
formation surface of the contact hole 12 as the second
contact hole. Thus, there is a problem that if a resolution
of one pattern is at an optimal condition, a resolution of
the other pattern is deteriorated. Therefore, at least one
contact hole 131 having a size suitable for the first con-
tact hole is included. Fig. 20 shows the single contact
structure of the contact hole 131 as the example. In this
case, the pattern of the contact hole 131 can be suffi-
ciently resolved, even if the exposure is carried out when
the resolution of the pattern of the contact hole 12 re-
quiring the high resolution is at the optimal condition at
the time of the pattern exposure.
[0066] According to the method of manufacturing the
semiconductor device in the third embodiment, the sep-
aration trench 9 is formed for separating the element for-
mation region 50. At this time, the substrate contact re-
gion 10 is simultaneously formed in the proper empty
region within the chip 110. Also, when the separation
trench 9 is perfectly filled with the TEOS oxide film 11,
the film thickness of the TEOS oxide film 11 in the con-
tact hole is same as that of the TEOS oxide film 11 on
the flattened portion. Thus, the substrate contact region
10 is formed to have a sufficient size so as not to be
filled. Thus, at least one contact hole is included to have
a proper size (usually, 2µm 3 2µm to 5µm 3 5µm) as
the first contact hole for the connection to the silicon sub-
strate 1 as the support substrate. In this case, the first
contact hole can be exposed, developed and opened
simultaneously with the second contact hole for the con-
nection to the element formed in the element formation

region 50. Therefore, without any additional step, the
semiconductor device can be manufactured to have the
chip 110 in which the potential can be applied to the sup-
port substrate in the small resistance from the surface
plane of the chip where the desired elements are
formed.
[0067] It should be noted that the semiconductor de-
vice in the present invention and the method of manu-
facturing the same are not limited to the description of
the above-mentioned embodiments. Therefore, the var-
ious modifications can be made thereto without depart-
ing from the spirit and scope of the present invention.
For example, when the silicon substrate is used as the
support substrate, its conductive type may be any of the
P-type or the N-type if the resistivity is 1 to 50 Ω cm and
the thickness is 600 to 700 µm. Also, even when it is not
the silicon substrate, the proper material can be select-
ed and used if it is electrically conductive and has no
problem with regard to the manufacturing process. As
the semiconductor substrate 2, the silicon is desirable
which contains the single crystal layer having the resis-
tivity of 10 to 20 Ω cm and the thickness of 2 to 10 µm.
However, it is not limited thereto. As the first insulating
film 3, if the silicon substrate is used as the support sub-
strate, the silicon oxide film is desired to have the thick-
ness of 0.5 µm to 2 µm. Also, the substrate contact re-
gion 10 may be suitably determined depending on the
size of the empty region of the chip 110, in the range
between about 5 µm 3 5 µm and 100 µm 3 100 µm.
Also, at the plug forming step, tungsten is described as
the example of the fill metal. However, if a high temper-
ature sputtering method in which a substrate tempera-
ture is set at about 500 °C is used, Al can be also used
as the fill metal. Moreover, the metal for the wiring is not
limited to the above-mentioned Al. Silicon inclusion alu-
minum (AlSi), copper inclusion aluminum (AlCu), cop-
per and silicon inclusion aluminum (AlSiCu) and the like
can be used.
[0068] In the above-mentioned embodiments, the ex-
ample is described in which after the element forming
step is firstly carried out to form the desirable element,
the trench region opening step and the trench forming
step are carried out to form the separation trench 9 and
the substrate contact region 10. However, it is possible
to form the desirable element in the element formation
region 50 after the separation trench 9 and the substrate
contact region 10 are firstly formed to fill the separation
trench 9.
[0069] Fig. 21 is a flowchart showing an example of a
procedure when the separation trench 9 and the sub-
strate contact region 10 are firstly formed. Figs. 22A to
22D, Figs. 23A to 23C, and Figs. 24A to 24D are views
showing a chip manufacturing method along the flow-
chart of Fig. 21, and are the sectional views schemati-
cally showing the main portion of the semiconductor de-
vice along the A-B line of Fig. 2 at the main steps (how-
ever, until the plug forming step).
[0070] As shown in Fig. 22A, a silicon oxide film 3 and
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a P-type silicon substrate 2 are laminated or bonded in
this order on one main surface of The P-type silicon sub-
strate 1. The silicon oxide film 3 serving as a first insu-
lating film has the film thickness of about 1 µm, and the
P-type silicon substrate 2 has the resistivity of 10 Ω cm
and the thickness of 5 µm. The P-type silicon substrate
1 has the resistivity of 10 Ω cm and the thickness of 650
µm. Then, the separation trench is firstly formed. Next,
at a mask layer forming step S101, an silicon oxide film
5 is deposited with the thickness of about 0.5 µm by use
of the CVD method, on the entire surface of the wafer
100 having a diameter of 6 inches.
[0071] As shown in Fig. 22B, at a trench region open-
ing step S102, a photo-resist 601 is coated on the entire
surface of the wafer 100. Then, predetermined reticle
(not shown) is used to expose and develop, which forms
a pattern for a separation trench formation opening 7
having a width h and a pattern for a substrate contact
region formation opening 8, in order to separate an el-
ement formation region. Moreover, the silicon oxide
films 5 are removed portions for the openings 7 and 8
by use of the known etching technique. Thus, the silicon
substrate 2 is exposed.
[0072] Next, as shown in Fig. 22C, the photo-resist
601 is removed. Then, at a trench forming step S103,
the silicon oxide film 5 is used as the etching mask, and
the portion in which the silicon substrate 2 is exposed is
removed by the anisotropic etching technique. Accord-
ingly, the silicon oxide film 3 is exposed to thereby form
the separation trench 9 and the substrate contact region
10. At this time, similarly to the above-mentioned em-
bodiments, the slight inclination is given to the side wall
of the substrate contact region 10 and the separation
trench 9 so that the upper end of the opening on the
surface side is larger than the bottom in which each sil-
icon oxide film 3 is exposed.
[0073] Next, as shown in Fig. 22D, at a trench filling
step S104, the TEOS oxide film 11 is deposited on the
entire surface of the wafer 100 by the LPCVD method
using the TEOS gas, and the separation trench 9 is per-
fectly filled.
[0074] Next, as shown in Fig. 23A, at the mask layer
removing step S105, the TEOS oxide film 11 deposited
on the surface of the wafer 100 and the silicon oxide film
5 are etched back on the entire surface to accordingly
expose the silicon substrate 2 of the element formation
region 50.
[0075] Next, as shown in Fig. 23B, at an element form-
ing step S106, a field insulating film 4 and desirable el-
ements are formed by use of a known method.
[0076] Next, as shown in Fig. 23C, at a flattening step
S107, an silicon oxide film 52 is deposited with the thick-
ness of about 1.5 µm on the surface of the wafer 100 by
the CVD. Then, the silicon oxide film 52 is etched back
on the entire surface to accordingly reduce a step dif-
ference 31 appearing in the element formation region
50.
[0077] Next, as shown in Fig. 24A, a contact step

S108 is carried out. When the first and second contact
holes are formed, the insulating films are (the TEOS ox-
ide film 11 + the silicon oxide film 3) and (the TEOS oxide
film 11 + the silicon oxide film 5) in case where the ele-
ments are firstly formed, similarly to the above-men-
tioned embodiments. However, the insulating films are
(the silicon oxide film 52 + the silicon oxide film 3) and
the silicon oxide film 52 in case where the separation
trench is firstly formed. The other processes are similar
to those of the above-mentioned embodiments. As a re-
sult, the detailed description is omitted. Also, the oper-
ations on and after the plug forming step S109 are per-
fectly similar to those of the above-mentioned embodi-
ments. Thus, the sectional views for the respective
steps and the detailed description are omitted. By way
of precaution, the sectional view after the plug forming
step S109 is shown in Fig. 24D. This corresponds to Fig.
11E of the above-mentioned embodiments.
[0078] As mentioned above, in the semiconductor de-
vice according to the present invention, the route to the
support substrate from the external connection elec-
trode on the surface of the chip, including the fill material
of the contact hole, is perfectly made of the metal film.
Thus, the entire resistance of the route can be sufficient-
ly small to thereby stabilize the potential of the support
substrate. Moreover, in the manufacturing method, the
separation trench and the substrate contact region are
formed at the same time. When the separation trench is
filled with the insulator, the substrate contact region is
designed so as not to be filled. Therefore, only the open-
ing process is merely added for opening the first contact
hole connected to the support substrate. Thus, the sem-
iconductor device can be easily manufactured without
any substantial step addition.

Claims

1. A semiconductor device comprising:

a conductive semiconductor substrate laminat-
ed or bonded on a conductive support substrate
through a first insulating film;
a separation trench which separates a device
formation region where at least a desired ele-
ment is formed, from a region of said semicon-
ductor substrate;
a separation trench;
a substrate contact region where said semicon-
ductor substrate is not present;
a second insulating film which fills said separa-
tion trench and covers a surface of said sub-
strate contact region;
an external connection electrode formed above
said semiconductor substrate; and
a support substrate connecting section which
passes through said first insulating film and
said second insulating film in said substrate
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contact region to connect said external connec-
tion electrode and said support substrate.

2. The semiconductor device according to claim 1,
wherein said external connection electrode is
formed through a third insulating film on said sem-
iconductor substrate.

3. The semiconductor device according to claim 2,
wherein said third insulating film is identical to said
second insulating film.

4. The semiconductor device according to any of
claims 1 to 3, wherein said support substrate con-
necting section comprises

a conductive film which is connected with said
external connection electrode and covers said
second insulating film; and
a contact section which passes through said
first insulating film and said second insulating
film to said support substrate in said substrate
contact region.

5. The semiconductor device according to claim 4,
wherein said conductive film contains a metal film
having aluminum as main material.

6. The semiconductor device according to claim 4 or
5, wherein said contact section is formed of a single
contact.

7. The semiconductor device according to claim 6,
wherein said single contact comprises:

a refractory metal film formed on side wall of a
contact hole for said contact; and
said conductive film filling said contact hole in
which said refractory metal film is formed.

8. The semiconductor device according to claim 6,
wherein said single contact comprises:

an additional conductive film which covers side
wall of a contact hole for said contact;
a refractory metal film formed on said additional
conductive film on said side wall of said contact
hole; and
said conductive film filling said contact hole in
which said refractory metal film is formed.

9. The semiconductor device according to claim 4 or
5, wherein said contact section comprises:

a plurality of contact plugs arranged in an array.

10. The semiconductor device according to claim 9,
wherein said plurality of contact plugs are formed

of tungsten.

11. A method of manufacturing a semiconductor de-
vice, comprising the steps of:

(a) forming at least a desired element in a de-
vice forming region of a conductive semicon-
ductor substrate on a chip in which said semi-
conductor substrate is formed on a conductive
support substrate through a first insulating film;
(b) forming trenches which pass through said
semiconductor substrate to said first insulating
film;
(c) forming a second insulating film on said
semiconductor substrate to fill said trenches
and to cover a side wall of a substrate contact
region;
(d) forming element contact holes for said ele-
ment to pass through said second insulating
film;
(e) forming a contact hole section in said sub-
strate hole region to pass through said first and
second insulting films to said support substrate;
(f) filling said element contact hole with first
conductive material;
(g) filling said contact hole section with second
conductive material;
(h) forming a conductive film connected to said
contact hole section; and
(i) forming an external connection electrode
connected to said conductive film.

12. The method according to claim 11, wherein said (d)
forming step and said (e) forming step are carried
out at a same time.

13. The method according to claim 11 or 12, wherein
said (d) forming step includes a first exposure step
and said (e) forming step includes a second expo-
sure step,

said first exposure step and said second expo-
sure step are individually carried out.

14. The method according to claim 13, wherein said (d)
forming step and said (e) forming step are carried
out at a time, except for said first exposure step and
said second exposure step.

15. The method according to any of claims 11 to 14,
wherein said (f) filling step and said (g) filling step
are carried out at a time.

16. The method according to any of claims 11 to 15,
wherein said (e) forming step comprises the step of:

forming a single contact hole in said substrate
contact region.
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17. The method according to claim 16, wherein said (g)
filling step and said (h) forming step are carried out
at a same time.

18. The method according to any of claims 11 to 17,
wherein said (e) forming step comprises the step of:

forming a plurality of contact holes arranged in
an array in said substrate contact region.
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